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Real-world data is scaling to ever larger sizes and faster transaction rates. Flows of data points that
are continuously generated with no end in sight and arrive at fast rates—known as data streams—are
everywhere, from large-scale online systems to high-frequency sensor networks. With the recent advances
in web—scale database management systems and Internet of Things (IoT) applications, concepts and
algorithms for data streams are required to address a wider range of real-world scenarios. This raises
questions such as: How can we detect abnormal heartbeats with an electrocardiogram in real time? Are
there any hidden patterns, rules, and anomalies in a huge collection of shopping logs? Can we predict
when failures will occur by analyzing real time sensor data?

In this thesis, we extend the concept of data streams and refer to the data mentioned in the questions
above as “complex data streams” . In particular, we discuss and categorize complex data streams from
several points of view, namely, (a) sequential data stream, (b) tensor stream, (c) quasi tensor stream,
and (d) predictive tensor stream, for which we propose new models, algorithms, and applications.

The first proposed method, TS—SKETCH, focuses on sequential data streams and how to capture multi-scale
statistics for real time anomaly detection. Second, we discuss data streams with multiple attributes and
their high dimensionality by introducing tensor streams. The proposed method, CUBESCOPE, is a
fundamental approach for data compression, pattern discovery, and anomaly detection over tensor streams.
Third, we extend the concept of tensor streams to quasi tensor streams in order to handle both
categorical and continuous attributes, for which we propose CYBERCSCOPE. The method computes hybrid
infinite and finite dimensional decomposition for anomaly detection and pattern discovery. The fourth
method, PRISM, focuses on predictive tensor streams and predicts the occurrence of potential events
based on the joint optimization of pattern discovery and event prediction

Throughout extensive experiments using real-world datasets, we conduct both quantitative and
qualitative analyses of the four approaches. The results show that the proposed methods can achieve high
performance in various data mining tasks compared with state—of-the-art baselines while ensuring
scalability for large-scale data streams at high rates. The final chapter discusses future directions
and key components in the proposed methods that can open new possibilities for broader data and tasks
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